	
3GPP TSG RAN WG1 Meeting 90-bis					R1- 1717635
Prague, CZ, 9th – 13th , October 2017

[bookmark: Source]Agenda item:	7.2.3.8
Source: 	Samsung
Title: 	Discussion on DMRS port scheduling for UL MIMO reception
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In [1], the physical uplink share channel (PUSCH) demodulation reference signal (DMRS) mapping to physical resources according to type 1 and type 2 is partly determined and the PUSCH DMRS configuration type 1 and type 2 for 1-symbol and 2-symbol DMRSs are parameterized for all DMRS ports. Furthermore, for the codebook-based transmission, the precoding matrix is given with the transmitted precoding matrix indicator (TPMI) index from the downlink control information (DCI) scheduling the uplink (UL) transmissions. In last RAN1meeting NR #3, the following agreements for remaining details on DMRS were achieved [2]:
	Agreement:
NR supports up to 4 ports per-UE in MU-MIMO
· Study further the relation of the maximum number of per-UE MU-MIMO ports to the 1-symbol and 2-symbol DMRS and the configuration type.



In case of UL multi-user (MU) multiple-input multiple-output (MIMO) with each user equipment (UE) having multiple layer transmissions, it is one of upcoming issues how to schedule DMRS ports for multiple UEs. Since both frequency division multiplexed (FDMed) DMRSs and frequency domain - code division multiplexed (FD-CDMed) DMRSs are introduced in NR, mapping those DMRSs to multiple layers has attracted research interest. In this contribution, two different DMRS port mappings are compared in terms of mean square error (MSE) performance of channel estimates in case of UL two-UE MIMO with each having two layer transmissions.
Discussions
In this section, the PUSCH DMRS patterns are briefly described and then, the MSE of the channel estimate is discussed.
For 1-symbol DMRS with configuration type 1, four DMRSs are FD-CDMed and FDMed. For the FD-CDMed DMRSs corresponding to the DMRS ports 1000 and 1001 (1002 and 1003), the second DMRS is orthogonal to the first DMRS when the same channel for FD-CDMed REs is applied (frequency-flat). On the other hand, the FDMed DMRSs corresponding to the DMRS ports 1000 and 1002 (1001 and 1003) are orthogonal irrespective of channel selectivity. For 1-symbol DMRS with configuration type 2, 6 DMRSs are FD-CDMed and FDMed. The FD-CDMed DMRSs correspond to the DMRS ports 1000 and 1001 (1002 and 1003) (1004 and 1005) are orthogonal when the channel for FD-CDMed REs is frequency-flat. On the other hand, the FDMed DMRSs corresponding to the DMRS ports 1000, 1002 and 1004 (1001, 1003 and 1005) are orthogonal.
When we have two UEs that are scheduled for the same physical resource block (PRB) where each UE has two layer transmissions, the network has to determine how to map the four DMRS ports to four layers of two UEs to coherently demodulate four layers of two PUSCHs. The first option (option 0) to choose from is to map the DMRS ports 1000 and 1001 to UE 0 and map the DMRS ports 1002 and 1003 to UE1, which means that the FD-CDMed DMRSs are mapped to one UE. The second option (option 1) to choose from is to map the ports 1000 and 1002 to UE 0 and map the ports 1001 and 1003 to UE1, which means that the FDMed DMRSs are mapped to one UE. When the first option is chosen, DMRSs for UE0 and UE1 are FDMed. When the second option is chosen, DMRSs allocated to each UE are FDMed.
In order to compare two mappings, we can take into account the MSE of the channel estimate. Although small gap of MSE performance can be ignored in block error rate (BLER) or through performance, it is a good starting point to see if there is any error floor in MSE. The MSE may vary when different DMRS port mapping is applied. Although there are a lot of practical channel estimation schemes, the MSE of the optimal channel estimate can be one metric to select the best DMRS port mapping. The advantage of use of the linear minimum mean square error (LMMSE) channel estimate is that the MSE can be readily derived if the channel autocorrelation matrix, precoding vector, the noise variance and antenna correlation are known a priori. Therefore, the MSEs of the LMMSE channel estimates corresponding to all candidates of DMRS port mapping may be an effective metric for better DMRS port scheduling.
1.1 MSE Performance of the Channel Estimates
In this subsection, several signal to noise ratio (SNR) vs MSE curves are analysed to find if there is any fixed DMRS port mapping which shows the best performance in terms of MSE at the entire SNR region when UL channel models for two UEs are arbitrarily paired. One UE can be nearly located at the cell center such that it experiences the line-of-sight (LOS) channel. Another UE can be spotted between buildings so that the channel is non-LOS and have a lot of multi-paths. The LMMSE channel estimation at receive antenna 0 is performed and the corresponding MSE is derived (See Appendix A and B). To obtain the sample spaced channel, we slightly modify four multi-path channels by allocating the channel power of a fractionally spaced tap to the sample spaced tap, which is closest to the fractionally spaced tap. The transmit antenna correlation for each UE is obtained from UL MIMO correlation given by [3].
Figure 1 depicts the SNR vs MSE curves with respect to various channel pairs when the DMRS configuration is type 1. Five parings of the UL channel models are made where the channel for UE0 is AWGN and those for UE1 are AWGN, EPA, EVA, PedB and ETU. We have two UEs with each having two Tx antennas and each UE has two transmission layers. TPMIs are all 1 for two UEs. It is shown that at low SNR, option 0 outperforms option1, which means that FD-CDMed DMRS port mapping for one UE is better than FDMed DMRS port mapping for one UE. On the other side, at high SNR, option 1 is better than option 0 in terms of MSE when the channels for UE1 are EVA, PedB and ETU.
Figure 2 depicts the SNR vs MSE curves with respect to various channel pairs when the DMRS configuration is type 2. Five parings of the UL channel models are made where the channel for UE0 is ETU and those for UE1 are AWGN, EPA, EVA, PedB and ETU. TPMI for UE0 is 1 and TPMI for UE1 is 0. At low SNR, similarly to the experiment shown in Figure 1, option 0 outperforms option1. On the other side, at high SNR larger than 20 dB, option 0 exhibits the severe error flows for every channel pair. Thus, we have the following two observations:
Observation 1: At low SNR region, the FD-CDMed DMRS port mapping for one UE outperforms the FDMed DMRS port mapping for one UE in terms of MSE when the network schedules two UEs with each having two transmission layers in the same PRB.
Observation 2: At high SNR region, the optimal DMRS port mapping depends on the pairing of UL channel models and the SNR value when the network schedules two UEs with each having two transmission layers in the same PRB.
From the above observations, we conclude that there is no fixed DMRS port mapping which is always best in terms of MSE at the entire SNR region when UL channel models for two UEs are arbitrary paired.
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[bookmark: _Ref494458026]Figure 1: SNR vs MSE performance evaluation
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[bookmark: _Ref494460607]Figure 2: SNR vs MSE performance evaluation
Conclusions
In this contribution, two DMRS-port mappings are compared in terms of the MSE of the LMMSE channel estimate. From various SNR settings and pairings of channel models for two UEs, the SNR vs. MSE curves are demonstrated. The numerical experiments are summarized as below.
Observation 1: At low SNR region, the FD-CDMed DMRS port mapping for one UE outperforms the FDMed DMRS port mapping for one UE in terms of MSE when the network schedules two UEs with each having two transmission layers in the same PRB.
Observation 2: At high SNR region, the optimal DMRS port mapping depends on the pairing of UL channel models and the SNR value when the network schedules two UEs with each having two transmission layers in the same PRB.
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Appendix A – Derivation of MSE of effective CFR estimate









First, we consider the 1-symbol demodulation reference signal (DMRS) pattern with the configuration type 1. For conciseness, we use the DMRS port p-1000 instead of p. Denoting the effective channel frequency response (CFR) vector between the DMRS port  with  and receive antenna  on the resource element (RE) 0, 2, 4, 6, 8 and 10 within one resource block (RB) of receive antenna  at gNB by . Denoting the noise vector on the RE 0, 2, 4, 6, 8 and 10 within one RB of receive antenna  at gNB by . Then, the received signal is divided by the transmit reference signal and we have the resulting vector  of receive antenna  at gNB as

			(1)


where the matrices  and  representing the orthogonal cover codes are given by


 and .			(2)

Furthermore, the resulting vector  can be rewritten by

						(3)























where , the vector  represents the channel coefficients with size  of non-zero taps of the effective channel impulse response (CIR) between DMRS port 0 and receive antenna , the vector  represents the channel coefficients with size  between DMRS port 1 and receive antenna , the matrix stands for matrix comprised of  rows of the  Fourier matrix  with fast Fourier transform (FFT) size , corresponding to DMRS RE index in the frequency domain, and  columns of , corresponding to the non-zero tap index of the effective CIR between the DMRS port 0 and the receive antenna , and the matrix stands for matrix comprised of  rows of , corresponding to DMRS RE index in the frequency domain, and  columns of , corresponding to the non-zero tap index of the effective CIR between the DMRS port 1 and the receive antenna .



Denoting the aggregated effective channel vector and expectation by  and , respectively, we have the effective CIR estimate  as

			(4)



where  is the noise variance and the autocorrelation matrix  of  is given by
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Here, we assume that if the DMRS port 0 and 1 do not belong to the same UE, . Since the PUSCH and its associated DMRS go over the same effective channel, the effective CIR is made up of the transmitted precoding vector at UE side and the UL CIR. We consider only two transmitted precoding matrices  and  as


 and 				(6)












Thus, there are four precoding vectors as ,, and . Denote the channel coefficients of non-zero taps of CIR between the transmit antenna port  and the receive antenna  and 2x1 precoding vector for DMRS port  by  and , respectively, where  is the number of non-zero taps of CIR between the transmit antenna port  and the receive antenna . Then, we have the following:
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It is noteworthy that since the transmit antenna port  and  correspond to the antennas seen after precoding, the signal on transmit antenna port  comes from the signals on both DMRS ports 0 and 1. From (5) and (7), it is clear that

			(8)







where ,  stands for the -th entry of the precoding vector . With help of invariance property of LMMSE estimate, we have the effective CFR estimate  between the DMRS port  and the receive antenna  as

						(9)










where the matrix stands for  matrix comprised of  rows of , corresponding to PUSCH RE index in the frequency domain, and  columns of , corresponding to the non-zero tap index of the effective CIR between the DMRS port  and the receive antenna . Denoting the aggregated effective CFR vector and its estimate by  and , respectively, the MSE of effective CFR is obtained by
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where  is the trace operator and the matrix  is given by

						(11)

By averaging  over all of the PRBs in the entire system bandwidth, we have

					(12)



Similarly,  for the DMRS port 2 and 3 can be obtained. Thus, the final metric is computed by adding  to  as

				(13)
For the configuration type 2, similar approach to the configuration type 1 can be used.

Appendix B – Link level simulation setup
Table.1. LLS Evaluation parameters
	Parameters 
	Values or assumptions 

	Waveform 
	OFDM

	Subcarrier spacing
	15 kHz 

	System Bandwidth 
	10 MHz (52 PRBs)

	gNB antenna configuration 
	4 Rx

	UE antenna configuration 
	2 Tx 

	Number of UEs
	2

	Antenna correlation
	high correlation with 2x4 case in TS 36.104

	Propagation channel model
	AWGN, EPA, EVA, PedB and ETU

	DMRS pattern
	1-symbol DMRS with type 1 and type 2
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